Feline immunodeficiency virus (FIV) is a T-lymphotropic lentivirus initially isolated from an immunodeficient cat (23) . FIV infection in cats can lead to immunological abnormalities similar to those seen in human immunodeficiency virus type 1 (HIV-1) infected humans, like a depletion of CD4+ cells in circulation (2, 3, 31) . Similarly, the peripheral blood mononuclear cells (PBMC) from FIV-infected cats show reduced proliferative responses to mitogens and to exogenous interleukin 2 (IL-2) in vitro (3, 13, 28) . These similarities in biological behavior between HIV-1 and FIV may make FIV infection of cats a suitable small-animal system to study lentivirus pathogenesis as a model for human AIDS and may likewise identify the FIV system as a model for HIV vaccine development.
Lentiviruses display a large degree of molecular and biological variation. This variation is generally ascribed to the low fidelity of the viral enzyme reverse transcriptase (RT) in copying the viral genomic RNA to DNA (25, 26) . The use of complete molecular clones allows one to obtain genomically homogeneous viral populations. Relating the biological properties of such populations to the genomic structure of the molecular clone from which they were derived may reveal the molecular basis of biological variation and may identify determinants of viral virulence. To date, molecular clones of three FIV strains have been described, two from the United States (the 34TF10 clone of the Petaluma strain [22, 30] and the PPR clone of the San Diego strain [24] and one from Japan (JM1 [21] ), which were all obtained from the DNA of in vitro-propagated cells cells, e.g., can lead to the introduction of a premature termination codon in the viral transmembrane glycoprotein (14, 17) . These problems make the availability of complete molecular clones obtained directly from the DNA of in vivo-infected cells highly desirable. Here we report on two replication-competent molecular clones derived directly from the DNA of bone marrow cells from an FIV-infected cat. The genomic structures of these clones and their presumed envelope gene sequences are presented.
HIV-1, HIV-2, and SIV infect cells via the CD4 molecule, which acts as the cellular receptor for these viruses (8, 15, 18, 19) . These viruses are also cytopathic for CD4+ cells in vitro, and this cytopathic effect may at least in part underlie the virally induced immunodeficiency characterized by CD4+ cell depletion in vivo. The CD4 analog in cats has been identified recently (1) (23, 32) . The cells were washed twice and used for isolation of genomic DNA (see below).
PBMC were isolated from heparinized blood from the cat by Ficoll density gradient centrifugation. The PBMC were washed three times with RPMI 1640 (GIBCO), supplemented with penicillin (100 IU/ml), streptomycin (100 jig/ ml), L-glutamine (2 mM), and P-mercaptoethanol (2 x Laboratories, Inc.) per ml in CM supplemented with 10% heat-inactivated fetal calf serum (FCS). After 3 days, the cells were washed once and further cultured with CM supplemented with 10% FCS and IL-2 (100 IU/ml) (Cetus). The culture supernatant was monitored weekly for the presence of FIV antigen in an FIV antigen capture enzymelinked immunosorbent assay (ELISA) as described previously (29) . A virus stock of FIV from cat (designated FIV Amsterdam-19) was made from the supernatant of this culture 21 days after stimulation and stored in aliquots at -135°C. The RT activity was assayed and was 7.0 x 10' cpm/ml. PBMC were derived from heparinized blood of a specificpathogen-free (SPF) cat by Ficoll density gradient centrifugation. The cells were washed twice and frozen at -135°C in aliquots in CM supplemented with 10% FCS and 10% dimethyl sulfoxide. Before use, the cells were thawed and stimulated with ConA (5 ,ug/ml) for 3 days and further cultured with IL-2 (100 IU/ml).
An FIV-susceptible clone of the Crandell feline kidney cell line (CrFK) was obtained from N. Pedersen (32) . The cells were cultured in Dulbecco's modified Eagle's medium supplemented with penicillin (100 IU/ml), streptomycin (100 ig/lml), L-glutamine (2 mM), P-mercaptoethanol ( The unamplified lambda phage library was screened with the probes P2 (1.8-kb SstI-BamHI gag fragment) and P22 (2.1-kb BamHI-BamHI pol fragment), which were obtained from R. Olmsted (22) , and ENV-4 (a 2.6-kb fragment spanning the complete envelope gene obtained by polymerase chain reaction [25a] ).
Positive plaques were purified, and the DNA was isolated. SphI-Sall fragments of these clones were subcloned in pUC19. The subclones were used for the dideoxynucleotide chain termination sequence reaction (27) Eighteen days after transfection, a virus stock was made and stored in aliquots at -135°C. The RT activity was determined. The infected cells were used for electron microscopy essentially as described by Gelderblom et al. (11) .
Infection of PBMC. ConA-and IL-2-stimulated PBMC of an SPF cat were infected with the molecular clones or with the biological isolate FIV Amsterdam-19 by resuspending 107 PBMC in 1 ml of virus dilution in CM containing 2 x 104 cpm of RT activity per ml. After 1 h at 37°C, the cells were washed twice with CM and cultured in CM supplemented with 10% FCS and 100 IU of IL-2 per ml. Twice a week, 1.5 ml of culture supernatant was centrifuged (10 min at 300 x g) and stored at -135°C until testing for the presence of FIV antigen and RT activity. The cells were monitored for cytopathic effects like syncytium formation and cell viability and for the percentages of CD4+ and CD8+ cells by fluorescence-activated cell sorter analysis with monoclonal antibodies provided by M. Cooper (1, 16) .
RT assay. RT activity was assayed in a microassay as previously described by Gregersen et al. (12) , with minor variations. Briefly, 1 ml of culture supernatant was precipitated with 0.25 ml of 32% polyethyleneglycol 6000-1.5 M NaCl. The (Fig. 4) . FIV antigen and RT activity could be detected after 11 (19kl) and 14 (19k32 and FIV Amsterdam-19) days in the FIV-infected cultures but not in the noninfected control culture for 28 days p.i. (Fig. 3A and B) . FIV-infected cultures (only 15% viable cells after 28 days) (Fig. 3C) (Fig. 3D) FIV has been shown to cause a depletion of CD4-bearing cells in infected animals, as HIV-1 does in infected humans (2, 3, 31) . For HIV-1, this depletion may be partly explained by its selective tropism for and cytopathic effect on CD4+ cells, which has been demonstrated in vivo. Additionally, HIV-1 can downregulate the CD4 receptor on infected cells (5, 6) . Although the CD4 analog in cats has been identified, the results as to its functioning as the receptor for FIV have so far been inconclusive. We demonstrate here that an FIV isolate as well as two infectious molecular clones of FIV selectively deplete CD4+ cells from a culture of feline PBMC (Fig. 3D) . The viruses alsy induce the formation of syncytia in these cultures, indicating that the observed CD4+ cell depletion could well be the result of direct cytopathic effects, although we (4, 10) . Although there is no obvious sequence similarity between this domain in FIV and those of SIV and HIV-1, we observed a high incidence of amino acids with very short side chains like glycine and alanine in all three viruses. This GA repeat may well be important for the function of the fusion domain. Most of the structurally important features of the envelope glycoproteins, like cysteine residues and N-linked glycosylation sites, are conserved between these clones. Some nonconserved cysteine residues were found in the putative L gene region of the envelope glycoprotein, preceding the leader sequence identified by others (24, 30) .
The molecular clones described in this report have been shown to be infectious both in vitro and in vivo. Such clones may enable us to delineate the molecular basis of the pathogenesis of FIV.
